In Brazil, the peanut culture has been expanding mainly in the state of São Paulo, responsible for 80% of the national production. It is an edible culture produces oil of excellent quality, contains proteins rich in amino acids that make up to 36% of weight of the grain. Furthermore, it is associated with nitrogen-fixing bacteria. However, the practice of inoculation is not very common in peanuts, being this species considered susceptible to nodularity with a large number of rhizobia. However, known's that inoculation with selected strains can increase the efficiency of symbiosis and peanut yield. Thus, the present study was proposed to evaluate the development of peanut inoculated with rhizobia and grown in Cerrado's Oxisol. The experiment was conducted in a greenhouse, in a completely randomized design, five treatments, one cultivar (IAC 505) and four replicates. The treatments were composed of three strains of rhizobia and two controls, one absolute and the other with nitrogen fertilizer (50 mg•N•dm 3 ). Each experimental plot has been consisted an 8 dm 3 pot with three plants. The inoculation was done, applying 3 mL of bacterial broth (108 mL −1 cells) in the root system of each plant. The SPAD index, number and dry weight of nodules, dry mass of shoots and roots, number and weight of grains were analyzed. The response of Peanuts inoculated was significantly, as all inoculated plants showed similar development to nitrogen-fertilized, emphasizing the potential for supplying nitrogen in peanut development.
Introduction
The peanut is one of the world's most consumed oleaginous plants. In Brazil, it has distinguished itself by the ease of processing, the short cycle and the potential of the food industry. In addition, it has been grown in pasture and sugarcane plantations, and is also an alternative for agro forestry systems, crop rotation and winter crop, mainly in the northern and southern regions in the northeastern Brazil [1] .
Like any crop of agricultural importance, peanut growth is influenced by nitrogen, which is considered one of the factors that limit the development of plants. Furthermore, nitrogen fertilizer directly contributes not only to yield but also to grain quality [2] .
For completing the development, part of the nitrogen required by the peanut is obtained by symbiosis with bacteria rhizobia, the process called biological nitrogen fixation (BNF). These bacteria induce the plant nodulation and, when selected, may increase symbiotic efficiency by progressively increasing grain yield and nodulation [3] .
The agricultural activity requires high degree of selection in the diversity of the population, seeking to increase the efficiency of the symbiotic nitrogen-fixing process [4] .
In cereal production areas, particularly soybean, inoculation is essential for a yield high. For peanuts grown in Brazil, is still a low used practice. There is a large diversity of peanut rhizobia populations in tropical soils, which may difficult the inoculation success due to competition from native strains [5] .
However, the importance of peanut inoculation in tropical regions may be adopted under conditions such as low population of native rhizobia, high temperatures, low soil moisture, or in those areas where the peanut or other legume was not grown. Due to the importance [3] , of the BNF process for the sustainability of agricultural production, the objective of this present study had to evaluate the effect of the inoculation of native rhizobia strains on peanut cultivated in Cerrado's Oxisol.
Methodology
The experiment was conducted in a greenhouse at the Federal University of During the merging between the limestone and the soil, moisture was maintained by the gravimetric method at 60% of the maximum water retention in the soil, determined in the laboratory according to the methodology described by [7] .
After the incubation period, the fertilization was done with application of phosphorus, potassium and micronutrients. The phosphorus and potassium doses used were respectively 200 and 50 mg•dm −3 , the sources of which were simple superphosphate and potassium chloride.
The micronutrient fertilization was done with boric acid, copper chloride, zinc chloride and sodium molybdate at doses of 1.0 mg•dm −3 , 1.0 mg•dm −3 , 3, 0 mg•dm −3 and 0.2 mg•dm −3 [7] .
The experimental design was completely randomized with a peanut cultivar (IAC 505), this cultivar has a habit of low growth, indeterminate and vigorous plants. the cycle is from 130 to 140 days. Stands out for the stability of the production, presents excellent productive result in the average of several plantations [8] . M. Presents an oil content in the grains varying between 49% -50%), and its content of oleic acid is 70% to 80% [8] .
With five treatments and four replications, making a total of 20 plots. The treatments were composed of three strains of rhizobia isolated from plants cowpea bean (MT8, MT15, and MT23) and two controls, the first with nitrogen fertilizer (50 mg•dm −3 with urea) and an absolute (without inoculation and nitrogen fertilizer).
The seeding was done at an average 2.5 cm depth, using 10 seeds per pot. After germination, the thinning was done, staying three plants per pot. The rhizobia strains were multiplied in the laboratory, in basis of the methodology proposed by [9] .
The inoculation was done after the thinning of the plants, applying 3 mL of the bacterial broth composed of 108 CFU mL −1 near to the root system of each plant.
Were evaluated the variables SPAD index, dry mass of shoot and roots, number and dry mass of nodules, number's grains and grain yield.
The evaluation of the chlorophyll content was realized by the Clorofilog-1030 portable meter, performing a reading per plant. The roots of the plants were washed for soil removal, nodule extraction and counting. then, all the material was packed in paper bags, identified and submitted to drying in air oven with forced circulation with a temperature of 65˚C for 72 hours or until the material reached a constant mass.
Statistical analysis was performed using the statistical program SISVAR 4.2 (Ferreira, 2011) . Results were submitted to analysis of variance and the means of the treatments compared by the Tukey's test at 5% of probability [10] .
Results and Discussion
The rhizobia inoculation strains on peanut plants results a significant effect on 
Chlorophyll Index
The SPAD index is an indicator of the values that can be correlated with the chlorophyll content of the plants, which makes the assessment quick and convenient, due to the SPAD reading is directly related to plant nutritional status assessment, since there is a positive correlation between the leaf chlorophyll content and the N content in the plant and, consequently, crop yield [11] .
This is due to the fact that 50% to 70% of the total leaf nitrogen is an enzyme component associated with chloroplasts [12] .
In this study, the SPAD was evaluated 35 and 63 days after the seeding, as shown in Table 1 . At 35 days, it was found that the highest value (44.1) was found for the treatment of plants had been inoculated with strain MT15, which was also higher to absolute control (37.7).
During the culture cycle (63 days), all strains showed good results, with SPAD index similar to those fertilized with nitrogen fertilizer (45.7) and with values higher than those observed in the absolute control. (38.8).
Reports in the literature discuss the importance of rhizobia in nitrogen supply for legume development.
[13] studied of the efficacy of rhizobia isolated from the soils of northeastern Brazil in the nitrogen-fixing in peanuts, showed that isolates S10, S11, A105 and A140 result an accumulation of Nitrogen in the shoot of peanut plants higher than that obtained with application of 100 mg•dm −3 nitrogen, when the plants were grown in the soil of the Caatinga region and in the area with Mimosa caesalpiniaefolia.
[14] studied rhizobia inoculated in cowpea and verified that all the varieties studied showed an increase in accumulated nitrogen from biological fixation during the inoculation with strains BR 2001 and BR 3267.
Experiment realized had demonstrated that the peanut is a species that can establish symbiotic associations with native rhizobia, taking advantage of the interaction formed under conditions of low nitrogen availability in the soil, this response depends on the genotype of the plant.
These observations corroborate with the data obtained in this study, with the cultivar IAC 505 respond to the inoculation and the strains used proved to be competitive with the native rhizobia of the soil [3] .
Differences were observed in dry shoot and root masses, with a positive effect of rhizobial symbiosis in peanut plants ( Table 2 ).
Dry Mass
The shoot dry mass had a similar result among all strains, with equal increases for fertilized plants. In regard to roots, the highest values were obtained with MT15 treatments and the nitrogen control. Other treatments had similar values for this variable.
The increase in dry mass due to inoculation may be associated with the production of phytormones by bacteria such as auxins, gibberilins and cytokinins, which stimulate the formation of root hairs and secondary roots, resulting in higher water surface and nutrient absorption [15] . However, inoculation with mineral N supplementation can also increase dry mass yields compared to an isolated nitrogen supply [16] .
In other legume producing crops, inoculation of selected rhizobia strains favored an increase in cowpea dry weight [17] , common bean [18] . and pigeon bean [19] , confirming the beneficial effects of legumes derived from symbiosis.
For different access to peanuts, [3] found that the dry mass of the roots varied with each access, confirming that the genotype has a direct influence on the association formed between the plant and the microorganism.
In the analysis of the number and dry mass of the nodules, was observed that there was significance between the treatments (Figure 1(a) and Figure 1(b) ).
The treatment with Nitrogen control showed a higher number of nodules than rhizobial treatments. The literature mentions that mineral nitrogen may be have an inhibitory effect on the biological nitrogen-fixing process, particularly when nitric and ammoniacal sources are applied. However, the nitrogen-fertilized plants in this study received urea as a nitrogen source, which has a less inhibitory effect on nodulation [20] .
When evaluating the dry mass of Arachis pintoi nodules inoculated with rhizobia strains (BR-1432 and BR-1433), [17] verified that strains did not differ statistically, showing similarity between treatments, confirming values observed in this study, where absolute control exhibited lower averages than other treatments.
The low nodulation observed in the absolute control may be related to the low population of rhizobium in the soil, as well as the high number of rhizobial cells (108 CFU•mL −1 ) used in inoculation treatments [13] [21] .
The dry mass of the nodules showed a similar result that of the number of nodules, in which only the absolute control reached lower values, differently with the observations mentioned in the study of [22] , the authors found no significant difference between inoculation treatments in number and in dry mass of nodules. However, the authors note that there is the effectiveness of the symbiosis, depending on the increases in the dry mass of peanut plants verified by rhizobia inoculation.
The peanuts crop, whether for in natura consumption or oil production, aims to obtain high yields. Although inoculation of rhizobium in groundnut is not yet widely practiced in Brazil, positive effects of this practice have been demonstrated both for the number and dry weight of beans (Table 3 ).
Grains
One of the reasons for the low use of rhizobia inoculated in peanut plants in
Brazil is related to the ability of this crop to nodulate with several native rhizobia species [15] , producing grains in quantities attend the basic needs of small farmers. However, the selection of efficient strains capable to increase the yield of legume, generating currency for the country [23] . The practice of rhizobia inoculated in legumes may increase the number of nodules, leading to increased productivity and reduced photosynthesis, reduce plant energy expenditure and potentially increasing yield [24] .
Conclusions
Inoculation with the rhizobium strains yielded grain yields and yields for IAC 505, demonstrating a favorable plant-bacterial interaction.
The MT08 and MT15 strains showed inoculant use potential in peanuts (Arachis hypogaea L.) cultured in Oxisol.
